by thyroglobulin and albumin. There was also a marked peak of radioactivity corresponding to the Q band and indicating that this thyroprotein was, in fact, iodinated.
These are obviously significant findings. We cannot supply a wholly satisfactory explanation, but we are probably justified in our conclusion that in these 6 patients there was formed an abnormal iodinated thyroprotein. This compound, or a derivative of it, spilled over into the blood but the thyroxine contained within was apparently not released to the tissues. The goitres were presumably due to a compensatory overactivity of pituitary thyrotrophin. The relative adequacy of this compensatory effort, in relation to the demands of growth, would determine whether or not the individual patient stayed euthyroid or became hypothyroid.
The familial incidence indicates that this type of goitre is also a genetically determined inborn error of metabolism. Summary (1) Four types of inborn error of intrathyroid metabolism which cause sporadic goitre with or without hypothyroidism are at present reasonably well defined.
(2) A fifth is described in 6 patients in whom there was evidence of the production of an abnormal thyroid protein. This compound or a breakdown product could also be demonstrated in the serum. Although it contained thyroid hormone as well as iodotyrosines four of the 6 patients were hypothyroid.
(3) The goitres were presumed to be due to compensatory over-activity of pituitary thyrotrophin production. (4) The familial incidence indicates that this is yet another genetically determined intrathyroid deficiency.
H2molytic Mechanisms in some Hereditary Anamias by T A J Prankerd MD MRCP (London)
Cross-transfusion experiments have demonstrated a basic pathological principle underlying the pathogenesis of hmmolytic anamias. This has made it possible to relate the pathogenesis either to an abnormality of the cell or of its environment. The haemolytic anemias which have a hereditary background are all characterized by a cellular abnormality and their hereditary nature suggests that we must look at the physical and chemical structure of the red cell for an explanation of its inability to survive normally in the circulation.
There are four obvious attributes of the red cell which theoretically may be involved in cellular defects: (1) Cell shape, (2) cell membrane, (3) cell metabolism, (4) himoglobin molecule. Their relevance to the heemolytic process in this group of anemias will be considered.
(1) Cell Shape Although the normal red cell is capable of reversible transformation to any form between the normal biconcave disc and a sphere of the same surface area it is most likely that the deformed shape of abnormal red cells, which is irreversible, is a consequence of some change in chemical structure, involving the membrane or the heemoglobin molecule, or a change in metabolism. However, knowledge of the relationships between shape and structure is still slight and it is useful to consider shape changes as separate entities although they presumably must have a molecular cause. Two predominant abnormalities of shape are found in hwmolytic diseases with a number of less common ones.
Leptocytes, which are flat red cells with increased osmotic resistance, often have an increased diameter. The extreme form is the target cell. Such cells usually have a shortened life span if transfused into normal subjects, but an exception to this generalization are the thin cells of iron deficiency anmmia which have a normal survival (Table 1) . These cells do not have an increased diameter and this may be the important factor underlying the difference in cell survival. Target cells are commonly seen in thalassamia and the himoglobinopathies, and those heemolytic states associated with abnormal hlmoglobins always show target cells in their circulation.
Spherocytes are cells with decreased osmotic resistance and they invariably have a shortened survival. These cells are a characteristic of hereditary spherocytosis, but in this disease it is probably not the cell shape which is the primary cause (1960) have induced a state of iron deficiency in patients with hereditary spherocytosis by repeated bleedings, and have found that even when the cells have become flat and are no longer spherical the rate of hmmolysis of labelled cells is unchanged. Secondly, we have found (Prankerd 1960) from studying red cell survival in members of one family, some of whom showed marked and others only slight spherocytosis, that the degree of spherocytosis did not influence cell survival. It is common clinical knowledge that splenectomy cures the hemolysis in this disease, and the wellknown observation that spherocytes of any nature are trapped in the spleen at first sight seems difficult to reconcile with the conclusion that himolysis is not directly related to the degree of red cell sphering. Some work which will be discussed below suggests that the spleen conditions hereditary spherocytic cells in some way during their circulation and that it is only after a period of conditioning, which may produce physical and metabolic changes, that cell destruction occurs. Sickling is another common morphological change in red cells which is associated with hmmolysis, and in this case the mechanism of lysis appears more obvious. Deoxygenation of sickle hemoglobin results in the formation of tactoids, or partly crystalline structures, in the htmoglobin solution; such structures forming in red cells are probably responsible for the bizarre shape changes which render the cell more rigid. These phenomena lead to changes in blood viscosity and capillary blood flow as well as cellular changes which include increased mechanical fragility, metabolic changes and increased autohmolysis (Griggs & Harris 1956 , Prankerd 1955 any of which could seem to be responsible for intravascular lysis.
Other morphological abnormalities are found in some hereditary hiemolytic diseases such as ovalocytes and acanthrocytes, but less is known about these conditions. In the case of ovalocytosis it does not appear that the cell shape is contributory to hemolysis since htemolysis is only variably associated with the morphological abnormality, cell metabolism is normal and we know nothing about the htemolytic mechanism (Dacie 1960) .
(2) Cell Membrane The membrane of the red cell has received scant attention, probably because methods of lipid analysis have been slow in development. Removal of red cell lipid, as by washing, reduces cell survival so that lipid defects in the membrane could reasonably be a chemical basis for hemolysis in these diseases. Examples of possible lipid defects are the red cells of thalassemic patients which appear to contain a deficiency of cerebroside, and an abnormality of cell phospholipids which has recently been reported in hereditary spherocytosis (Allison et al. 1960) . It is possible also that acanthrocytes are cells with abnormal lipid constituents.
Unfortunately the protein of the red cell membrane does not seem to have been subjected to much pathological investigation. This is probably because it is so insoluble and fibrous in nature that manipulation becomes technically difficult.
(3) Metabolism The red cell depends on the anaerobic breakdown of glucose for its supply of energy which is stored in the form of adenosine triphosphate. Energy is released from this compound and probably helps to maintain the osmotic balance, membrane structure and the shape of the cell.
A number of defects in glucose metabolism have been recorded in red cells of patients with hereditary hmmolytic anemia (Prankerd 1961) . In hereditary spherocytosis intracellular metabolism is imperfect although overall glucose utilizationis normal. A defect can berevealed by labelling intracellular phosphate esters with 32P when there appears to be a reduction in the rate of phosphorylation of various esters. Instability of these phosphate esters can also be revealed by incubating the cells in the absence of glucose, a phenomenon which is probably the basis of the increased autohmmolysis of this disease. What role the metabolic defect of these cells plays in producing the htmolysis of the disease is not clear but some experiments with artificial spherocytes suggest it may be important.
In congenital nonspherocytic haemolytic anemias defects in cell metabolism have also been reported; some of these are gross and involve almost complete cessation of glycolysis, in other instances diminished adenosine triphosphate, or increased concentrations of 2, 3-diphosphoglycerate have been reported. In one family under the care of Dr Bernard Schlesinger, studied by me there were low levels, and rates of labelling, of 2, 3-diphosphoglycerate which appeared to be the result of a deficiency of the enzyme diphosphoglyceromutase. Apart from glucose 6-phosphate dehydrogenase deficiency this appears to be the only specific enzyme defect yet found in these hiemolytic anwmias.
Glucose 6-phosphate dehydrogenase deficiency is not common in this country in spite of our present large immigrant population. Out of some hundred tests in suspected subjects we have only detected two instances. The defect, which is inherited as a sex-linked incompletely dominant character, usually gives rise to susceptibility to h2emolysis in homozygous individuals after the administration of a number of different agents. The following may be involved (Beutler 1959 Amino-salicyl-sulphonamides Vitamin K (synthetic derivates)
Antipyrine
Because of a decrease of the concentration of this enzyme in the cell as it ages, only cells of a certain age are susceptible to lysis, and the hevmolytic process is therefore self-limiting. In between exposure to the agents mentioned, enzyme-deficient individuals show no evidence of hiemolysis. However, another group of patients with a similar enzyme defect have been described who show continuous hemolysis dating from birth or early infancy and who have been regarded as examples of congenital nonspherocytic heemolytic anemia (Rothberg et al. 1959 ). We have not yet observed any patients such as these.
Glucose 6-phosphate dehydrogenase deficiency results in a failure of the normal metabolic processes in the red cell which maintain the stability of hemoglobin. In the presence of any of the various agents mentioned heemoglobin undergoes an oxidative denaturation with the formation of a number of intermediates, amongst which are the familiar Heinz bodies which are seen in the cells of affected individuals during hiemolytic episodes.
After cross-transfusion of cells containing Heinz bodies such cells are rapidly removed from the circulation and destroyed predominantly in the spleen (Shahadi et al. 1959) . Another substance, glutathione, is also almost certainly involved in the processes maintaining heemoglobin in its natural state, and the ready oxidation of reduced glutathione in enzyme-defective cells was the first observation of any chemical abnormality in the red cells in this disorder, and has been used as a means of detection of enzyme deficient individuals.
(4) Hwrmoglobinopathies Apart from the sickling process, which leads to red cell destruction perhaps by both mechanical and metabolic means, the pathogenesis of the hmmolysis which may occur in certain other hwmoglobinopathies is still obscure. However, the occurrence of target cells in these hemolytic states is invariable and it is possible that this morphological, and perhaps chemical, abnormality is a principal factor in shortening red cell survival.
Role ofthe Spleen
Last of all one must consider the role of the spleen in the himolytic processes of these diseases. It is obviously of principal significance in those aniemias which can be cured by splenectomy and, of those discussed, hereditary spherocytosis alone benefits invariably from this procedure. Splenectomy in hereditary spherocytosis appears to be beneficial partly because spherocytic cells are principally sequestered in the spleen, a phenomenon which can be detected by surface counting after the injection of radioactively labelled red cells (Jandl et al. 1956) .
Experiments indicate that spherocytes with normal metabolism can withstand a period of splenic trapping whereas those in which metabolism is defective cannot (Prankerd 1960 ). Furthermore, cells which have been trapped in the spleen undergo osmotic and probably metabolic conditioning in the circulation as a result of repeated passage through the spleen (Motulsky et al. 1958) . This has been shown by cross-transfusion experiments of blood from two hereditary spherocytic patients, one of whom had had a splenectomy, and from a study of red cells taken from different sites of splenic circulation.
In other conditions such as sickle-cell aneemia and some congenital non-spherocytic forms, splenic trapping can be demonstrated with the aid of isotopically labelled red cells, but it is not exclusive to the spleen and trapping in other sites such as liver and bone-marrow also occurs. Splenectomy in these instances is clearly not going to be particularly beneficial.
